The effect of fasting on the persistence of oestrus was examined in 28 New Zealand white rabbits. Oestrus was terminated in 14 out of 14 fasted rabbits within 6 days of feed removal. Only 4 out of 14 control rabbits became anoestrous in this time and another 4 out of 14 were continuously in oestrus for more than 72 days.
The effect of fasting on the persistence of oestrus was examined in 28 New Zealand white rabbits. Oestrus was terminated in 14 out of 14 fasted rabbits within 6 days of feed removal. Only 4 out of 14 control rabbits became anoestrous in this time and another 4 out of 14 were continuously in oestrus for more than 72 days.
To study the effect of fasting on ovulation, 40 rabbits which displayed oestrus on 2 successive days were divided between a control (normal feed) and a fasted group. Forty hours after feed removal, all rabbits were mated and after a further 24 hr they were autopsied. Number of ovulations was 9·85 in the control and 7·05 in the fasted group (P < 0·001). Control ovaries contained an average of 1·55 more follicles :> 1 mm diameter (n.s.). Fresh blood follicles were present in the ovaries of 3 out of 20 control and 12 out of 20 fasted rabbits (P < 0·01). Adrenal weights showed little difference between the groups and total corpus luteum weight adjusted for the covariate corpus luteum number was greater in the control animals (P < 0·05).
It is concluded that fasting, probably acting to impair synthesis or release of pituitary follicle stimulating hormone or both thereby affects follicle development or maintenance or both. Failure of oestrus occurs within a few days, and animals which mate after a period of fasting shed fewer ova and more of their residual follicles are haemorrhagic.
INTRODUOTION
The influence on reproductive performance of high planes of nutrition and of chronic undernutrition have been studied in a wide range of mammalian species. The effects of acute and severe undernutrition have received little attention. In the pig, McGillivray et al. (1962) found that gilts fasted from approximately mid-cycle showed oestrus at the expected time but produced fewer ova than control gilts. Undernutrition in the female rat quickly causes anoestrus, with the ovaries lacking mature follicles (Marrian and Parkes 1929; Mulinos and Pomerantz 1940) , while in the guinea pig, oestrus and ovulation may be delayed by undernutrition (Papanicolaou and Stockard 1920) . Starvation in the cyclic hamster for more than one oestrous cycle prevents antral follicular development and stimulates interstitial hypertrophy (Printz and Greenwald 1970) . The effects of fasting on oestrus and ovulation in the rabbit have not previously been investigated. As the rabbit normally requires mating to induce ovulation, it was necessary as a first step to obtain some information on the time for which oestrus would persist in fasted rabbits. It was then possible to plan an experiment to examine the effects of fasting on ovulation, using a fasting period which could be expected to have little effect on oestrus.
II. MATERIALS AND METHODS

(a) Experiment 1
Individually caged, virgin female New Zealand white rabbits, 6-12 months old were used in this study. During September-October, 1969, periodic morning checks were made to detect females in oestrus. Does which showed typical lordosis when exposed to males were considered in heat and at approximately 9 a.m. they were weighed and allocated at random in pairs to either fasting or full-fed (control) treatments until there were 14 rabbits in each group. The fasted animals in both experiments 1 and 2 were deprived of food completely, while control animals had continuous access to a normal laboratory diet_ Water was available for all animals and light was on a 14 hr light-l0 hr dark schedule.
After allocation, rabbits were checked for oestrus at 9 a.m. each morning. Intensity of oestrus was recorded on a three-point scale: "strong" when the female showed lordosis immediately when mounted; "medium" when lordosis followed some seconds of thrusting by the male; and "weak" when lordosis was shown only when the female was mounted and stimulated by a second male. At no time during checking for oestrus was intromission permitted.
Oestrus was deemed to have terminated in females which failed to show lordosis after "teasing" for about 30 s each by two different males; these animals were slaughtered 24 hr later. At autopsy the following observations were made: carcass weight, ovary weight, number of follicles ;> 1 mm diameter, number of corpora lutea, and adrenal weight. Four control rabbits which remained in oestrus for more than 72 days were finally mated and slaughtered 24 hr later to terminate the experiment.
(b) Experiment 2
During March-April, 1970, virgin female rabbits 6-15 months old were checked for oestrus between 8 and 9 a.m. Does showing lordosis were checked again 24 hr later and if still in oestrus were weighed and allocated at random in pairs to the following treatments: (1) control (full-fed); (2) feed removed from 5 p.m. on day 1 (i.e. the second day of checking for oestrus) until slaughter 64 hr later. A check was made in both groups for oestrus at 9 a.m. on day 2, and at 9 a.m. on day 3; does still in heat in both groups at the latter check were mated to a fertile male. All mated does were slaughtered 24 hr after mating. Group 2 thus had a 40 hr fast before mating or 64 hr before slaughter. Allocation was continued until 20 rabbits completed the fasting tleatment. Fasted rabbits which failed to show lordosis after allocation to treatment were immediately re-fed and replaced. If oestrus returned in less than 4 days the doe was mated and slaughtered 24 hr later. If oestrus did not recur after 4 days the doe was slaughtered.
The following data were recorded: numb81 and weight of corpora lutea, number of follicles;> 1 mm diameter, number of blood follicles, adrenal weight, and number of ova flushed from the tubes (or uterus) and their state of cleavage. Follicle fluid weight was estimated as a difference, using the technique of Short, Peters, and Casida (1968) , by finely chopping the weighed ovary, blotting out the free moisture, and re-weighing the tissue. Table 1 shows the distribution of number of days before cessation of oestrus in the fasted and control groups in experiment 1. In the fasted group oestrus terminated in all rabbits within 6 days of food withdrawal; by the sixth day all except four control rabbits were still showing oestrus. A further six control rabbits became anoestrous between 9 and 30 days but the remaining four showed continuous oestrus for 72-91 days and were finally mated and autopsied to terminate the experiment.
III. RESULTS
(a) Experiment 1
Four rabbits in each group ovulated spontaneously (presumably in response to the presence of the male). The four in the fasted group all ovulated on the day of allocation and did not show oestrus the next day, while, in the controls, individual rabbits in which oestrus terminated on days 4, 18, 27, and 30 were judged at autopsy to have ovulated the previous day. Appearance of corpora lutea and presence of tubal ova were the criteria used in making this assessment. Number of corpora lutea, follicles ~ 1 mm diameter, and adrenal weights are shown in Table 2 . As some rabbits in each group ovulated and hence had ovaries * In rabbits which ovulated.
t Mean of totals of corpora lutea + follicles for rabbits which ovulated and of follicles for rabbits which did not ovulate.
containing both corpora lutea and follicles, while the remainder had follicles only, a comparison is made of number of follicles ~ 1 mm diameter plus number of corpora lutea, which is thought to represent an index of structures capable of ovulating. The index difference of 3·1 between the means is not significant. The group means for ovulation number in rabbits which ovulated also do not differ significantly. The groups entered the experiment with approximately equal mean liveweights, and the difference of 0·54 kg in carcass weight arises from loss of weight by the fasted group and a gradual weight gain by the controls, most of which were on the experiment for several weeks. The adrenal weights were examined by comparing the within-group regression of adrenal weight on carcass weight, and, after establishing that the regressions were homogeneous, adjusting adrenal weight by the within-group covariance. The adjusted adrenal weights did not differ significantly between groups.
There was no apparent relationship between intensity of oestrus and its duration. * p < 0·05, ** P < 0·01, *** P < 0·001 (significance of differences from control) . Table 3 shows the summarized data for this experiment. The mean liveweight at allocation was approximately 3·5 kg. At autopsy the fasted rabbits had fewer (P < 0·001) corpora lutea than the controls, but the number offollicles > 1 mm did not differ significantly. More (P < 0·01) fasted rabbits had at least one recent blood follicle. Twelve fasted rabbits with blood follicles had a mean of 3·1 while three controls had a mean of 1·3. Follicular fluid weight did not differ significantly and the small difference in adrenal weights did not approach significance.
. (b) Experiment 2
Total corpus luteum weight was examined by calculating the regression of total weight on number of corpora lutea for each group, and, after establishing that the regressions were homogeneous, adjusting the total corpus luteum weight by the 'within-group covariance. The adjusted total weight was greater (P < 0 ·05) in the controls than in the fasted animals.
In addition to the 20 rabbits which completed the fasting treatment, five others were allocated to this treatment but oestrus terminated prematurely. In three cases oestrus had terminated after 24 hr of fasting and re-feeding for 4 days did not re-establish oestrus. Two rabbits failed to show oestrus on the second day of fasting. With re-feeding one was still anoestrous after 4 days while the other one returned to oestrus on the third day ofre-feeding. All control rabbits remained in oestrus through the experimental period. Table 4 shows the results of examination of ova. From the fasted group, ova collected represented 92'9% of the number of corpora lutea present while in the control group 94'9% were recovered. All except 3·1 and 5'3% of eggs were cleaved in the treated and control groups, respectively, and most eggs in both groups were in the two-cell stage. There were 9·6 % four-cell eggs in the control group as compared to 3 '8% in the treated group but this difference was not statistically significant. IV. DISCUSSION The rabbit has no established cyclical pattern of oestrus, and results for the control group in experiment 1 indicate that some unmated rabbits will remain in continuous oestrus for as long as 91 days. While the rabbit is recognized as having a long period in oestrus, observations of continuous oestrus exceeding 40 days do not appear to have been reported previously. In the fasted rabbits, on the other hand, oestrus was suppressed within 6 days. However, it was concluded from experiment 1 that a high proportion of oestrous rabbits would tolerate up to 48 hr of fasting and still display lordosis. Consequently in experiment 2, mating was planned 40 hr after feed removal. The results of experiment 2 show that if the two rabbits which ovulated spontaneously are disregarded there were three fasted rabbits in which oestrus terminated before the planned mating time and none in the controls. Re-feeding for 4 days was accompanied by restoration of oestrus in only one of these.
The reasons for failure of oestrus are not clear. There is some evidence from the follicle and corpus luteum data in fasted rabbits for a reduction in number of structures capable of ovulating, which would be consistent with an increase in follicular atresia. Printz and Greenwald (1970) presented evidence that in the hamster, starvation affects release or synthesis or both of follicle stimulating hormone (FSH) by the pituitary. This seems the most likely hypothesis also for the rabbit; with follicular development and oestrogen production being reduced, and termination of oestrus being one result. It is also possible, of course, that sensitivity to oestrogen of the brain centres involved in mating behaviour is altered by fasting. Failure of oestrus in situations of stress involving increased adrenocorticoid output has frequently been reported (e.g. Christian and Davis 1964) . There was no evidence in this experiment of increased adrenal gland weights in response to fasting, though this does not conclusively exclude changed adrenocorticoid status as a factor affecting reproductive performance.
The significant reduction in number of ovulations in the fasted group in experiment 2 was accompanied by significantly more fresh blood follicles. Most of these had haemorrhaged quite recently and in a considerable number the follicle was only partly haemorrhagic. Little is known of the cause or significance of blood follicles. Hammond and Marshall (1925) described them as representing a form of atresia due to "over-ripeness" of the follicle or to circumstances preventing rupture, and they have occasionally been reported as resulting in experiments aimed at inducing ovulation by electrical stimulation of the nervous system (Marshall and Verney 1936; Harris 1937) and by gonadotrophin treatment (Hill and Parkes 1931) . The high incidence of recent blood follicles in the fasted rabbits in this experiment is of particular interest, and together with the reduction in ovulation rate lends weight to the thesis that increased atresia of follicles has occurred due to lowered FSH levels.
Other possible consequences of fasting to be considered were reduced corpus luteum size or delayed cleavage of ova as evidence for a delayed release of luteinizing hormone (LH). However, there is insufficient evidence in this experiment to lend firm support to the possibility of changed LH relationships.
From these results it appears that reproductive function in the rabbit shares to a considerable degree the sensitivity to severe undernutrition previously cited in the smaller laboratory species such as the rat, guinea pig, and hamster. Compared to a larger monogastric, the rabbit is much more sensitive than the pig in which approximately 10 days of fasting affected ovulation rate but not oestrus (McGillivray et al. 1962 ) and a 3 ·5-day fast affected neither ovulation rate nor oestrus (Edey et al., unpublished data) .
In explanation of these differences between species it seems reasonable to propose that body size and metabolic rate would be major factors influencing duration of resistance to the general effects of inanition and also to its specific effects on reproduction. 
